be distinguished from conventional osteochondromas. Although they are histologically similar, extraskeletal osteochondromas are not attached to a parent bone. They are thought to arise within the soft tissue surrounding a joint, typically at the end of long bones (1) . Extraskeletal osteochondromas most commonly occur in the digits (hands and feet) and surrounding the knee. Other less common reported locations include within the thigh, hip, buttock, and the nape of the neck (2-7).
Purser first documented the condition in 1956 with two case reports; both involving the foot (8) . In 1978, Chung and Enzinger (9) reviewed 104 cases of extraskeletal osteochondromas, and found that 96% involved the extremities. Approximately 70% of them were found in the upper extremity, with the majority found in the fingers; 25% of lesions involved the lower extremity, with the majority found in the foot. Nearly all these lesions were small, rarely exceeding 2 cm in diameter (9) . Lim argued in his review of the literature that 82% to 84% of these lesions occur in the hands and feet (3) . However, in 2006, Ratcliff et al stated in their review that half of the lesions were found around the knee (10) .
Both extraskeletal and conventional osteochondromas present as palpable, nonpainful, slow-growing masses (11, 12) . Although most of these lesions are asymptomatic, they may become secondarily symptomatic because of associated neuritis, irritation from shoe gear, callus formation, or decreased range of motion when adjacent to a joint (10). Trauma is not typically related to the occurrence of these lesions. However, a fractured extraskeletal osteochondroma may result in pain. These osteochondromas occur between the fourth and sixth decades of life (10, 13, 14) . A sex predilection has yet to be identified (10) . The reported recurrence rate was suggested to be between 5% and 18% (9, 15) .
We present a patient with a large extraskeletal osteochondroma (3-cm diameter) of the plantar midfoot. To the authors' knowledge, this is the largest isolated extraskeletal osteochondroma originating in the arch of the foot defined to date.
Case Report
A 73-year-old woman with a medical history of diabetes, peripheral neuropathy, chronic obstructive pulmonary disease (COPD), atrial fibrillation, hypertension, and tobacco addiction presented at our clinic with a 10-year history of a large, plantar boney mass on her right foot. It was located in the plantar medial arch, and had an overlying, painful, discrete callused area (Figure 1 ). The patient did not elicit any history of trauma, and the review of systems was unremarkable.
Radiographs demonstrated a well-circumscribed, ossified mass within the plantar arch of the midfoot (Figure 2 ). Magnetic resonance imaging (MRI) identified a 3.0 ϫ 2.6 ϫ 3.2 cm, smoothly marginated osseous mass (Figure 3) . A computed tomography (CT) scan demonstrated that the lesion was 3.0 ϫ 2.2 ϫ 3.0 cm, and osseous ( Figure 4 ).
Pseudoarticulations were present in association with the adjacent first cuneiform, third cuneiform, and cuboid. There appeared to be interosseous cysts between the lesion and the third and fourth metatarsal bases. Signs of secondary degenerative joint disease were seen in the base of the third and fourth metatarsals, which may have been attributable to the altered pressure of the mass with weight-bearing.
The patient underwent excision of the bone mass through a plantar curvilinear approach, in consideration of the relaxed skin tension lines (Figures 5, 6 ). The lesion was removed in two large pieces in toto, and sent for pathologic examination ( Figure 7 ). The mass was confirmed intraoperatively to be exclusively extraskeletal, extra-articular, and extrasynovial. The combined ossicles were of golf-ball size, with a cartilaginous rim. There were no intraoperative complications. A drain was temporarily placed for the prevention of hematoma. Postoperative radiographs were obtained ( Figure 8 ). The postoperative course was uneventful. The patient remained non-weight-bearing in a splint for 3 weeks postoperatively. The patient has not had a recurrence of the lesion in 5 years.
A histopathologic evaluation revealed a lesion composed of both bone and hyaline cartilage, with a partial cap of hyperplastic cartilage consistent with an exostosis benign osteochondroma ( Figure 9 ). Correlating pathologic features with the clinical and operative picture, the lesion was diagnosed as an extraskeletal osteochondroma, because no direct attachment to an adjacent bone was noted.
Discussion
Extraskeletal osteochondroma is a benign tumor of the bone and cartilage that occurs within the soft tissue. Its close resemblance to conventional osteochondromas, both histologically and clinically, often results in misdiagnosis or improper labeling. Several terms to describe the entity have included soft-parts osteoma, osteochondroma of the soft parts, para-articular osteoma, intra-articular osteochondroma, intracapsular osteochondroma, and ossifying chondroma (10, 16) .
Conventional osteochondromas are the most common benign bone tumor, representing approximately 36% to 41% of benign bone tumors (17) . They are also osseous and cartilaginous benign neoplasms with a discrete hyaline cartilage cap that generally occurs, extending from the metaphyseal region of the long bones. A "true" osteochondroma uncommonly occurs in the foot and ankle (18) . In distinct contrast, extraskeletal osteochondromas are rarely occurring bone growths that arise within the soft tissue, and are more likely to occur in the feet.
Extraskeletal osteochondromas are thought to originate from the synovial tissue of the joints, tendon sheaths, or bursae in the hands and feet, although their exact pathogenesis is unclear (13) . The prevailing hypothesis holds that extraskeletal osteochondromas occur as a result of metaplasia of mesenchymal fibroblasts of the loose connective tissues (2). Ratcliff et al suggested that extra-osseous osteochondromas are the result of displaced physeal chondrocytes into adjacent soft tissue, which ultimately develop new endochondral bone growth (10). Lynn and Lee (19) believed that cartilage formation within soft tissue was thought to occur via one of three mechanisms: 1) cells near the surface of bone that are capable of producing cartilage migrate, and become fastened to the connective tissue; 2) dormant precartilaginous tissue in a tendon above a joint may convert to an active phase; and 3) a developmental fault or metaplasia may occur when synovial cells differentiate into cartilage, stimulated by unknown factors (19, 20) . Adipose-tissue metaplasia was also suggested as a cause, attributable to the metamorphosis from a lipoma into an extraskeletal osteochondroma (13) . Repeated trauma was also suggested to be an event provoking the development of extraskeletal osteochondroma (13, 21) .
The histologic characteristics of an extraskeletal osteochondroma lesion are defined as a single mass consisting of both cartilage and bone, organized in a manner similar to that of a conventional osteochondroma; moreover, the lesion cannot be intra-articular. To delineate another similarity, they are both composed of bone and hyaline cartilage (1, 22) . Extraskeletal osteochondromas are peripherally encased with mature hyaline cartilage, with an osseous center (10, 23) . At the core are areas of prominent endochondral ossification, along with areas of lamellar and trabecular bone. The thickness of the cartilage rim varies, and was reported to be as thin as 0.2 cm, and as thick as 1.2 cm (3, 13). The cartilage may be hypercellular, and may demonstrate cellular atypia, with numerous binucleate cells. Abnormally enlarged hyperchromatic nuclei may be present (1, 24) . Cellular atypia is somewhat common, and should not be mistaken for a more aggressive process or malignancy (13) .
Radiographically, an extraskeletal osteochondroma appears as a well-demarcated lobulated mass, with an ossification or calcification centrally (2, 6, 10, 16) . Mineralization may develop during the course of a single year (17) . Computerized tomography and MRI are useful in the evaluation of extraskeletal osteochondromas, to confirm extra-osseous involvement alone (13) . Similar to radiographs, CT scans will also show a well-constrained, lobulated mass of soft tissue, with centralized ossification (16) . Computed tomography is helpful in determining cortical bone destruction, and in demonstrating intralesional calcification or ossification (25) . In the present case, a CT scan demonstrated signs of degenerative joint disease of the midfoot joints adjacent to the lesion. Perhaps extraskeletal osteochondromas located on a weight-bearing surface should be removed to prevent the occurrence of arthrosis in any articulating or adjacent joints. Magnetic resonance imaging can further define the margins of the mass, in conjunction with determining the intramedullary and extraosseous extent of the mass. In addition, MRI was shown to determine the size of the unossified cartilage cap, which can help rule out a sarcoma. A cartilage cap generally demonstrates low-tointermediate signal intensities on T 1 -weighted images, and high signal intensities on T 2 -weighted images (25) . Ex- traskeletal osteochondromas are usually well-defined, and are frequently associated with a tendon or joint without articular communication (11) .
The differential diagnosis of an extraskeletal osteochondroma includes conventional osteochondroma, synovial chondromatosis, myositis ossificans, periosteal chondroma, 
FIGURE 5
Intraoperative photograph demonstrates curvilinear incision and intact plantar fascia overlying the extraskeletal osteochondroma.
FIGURE 6
Intraoperative photograph demonstrates extraskeletal osteochondroma protruding through the incision, after the plantar fascia was incised and retracted.
periosteal chondrosarcoma, synovial sarcoma, and chondrosarcoma (1, 3, 10, 13, 16, 23, 26) . Extraskeletal osteochondromas are most frequently mistaken for conventional osteochondromas. Conventional osteochondromas typically appear as outgrowths of the long bones at the metaphysis, with a medullary cavity in continuity with the parent long bone (10) . Conventional osteochondromas are pedunculated exophytic lesions with a cartilaginous cap that is typically 1 to 3 mm in thickness.
Synovial chondromatosis is characterized by multiple cartilaginous and osteocartilaginous nodules found within the synovium, and it may present as loose bodies inside the joint as well (3, 10) . Synovial chondromatosis has a diffuse growth pattern, and its cartilage proliferation is located subsynovially, which helps distinguish this lesion from an extraskeletal osteochondroma (13) .
Myositis ossificans is a true ossification forming within the soft tissue. It is typically the result of sports-related trauma (4), and is thought to originate within a hematoma. Myositis ossificans typically decreases in size with time, and serial radiographs may be helpful in identifying it (3). Radiographically, it is usually easy to distinguish because of its peripheral ossification with central lucency, referred to as the "zonal phenomenon" (3, 10) . Histologically, myositis ossifications may be highly cellular, with multiple mitoses (4). Myositis ossificans is rarely seen in the foot (16) .
Periosteal chondromas are usually distinguished from extraskeletal osteochondromas because they occur on the surface of long bones, and create cortical erosions (27) . Adjacent expansion into the soft tissue may result in calcification or ossification, most likely mimicking an extraskeletal osteochondroma (10, 27) . Histologically, periosteal chondromas are viewed as well-defined lobules of hyaline cartilage, covered by periosteal connective tissue (27) . They also exhibit hypercellularity, plump nuclei, and binucleated cells (10) .
Malignant processes may also be radiographically confused with extraskeletal osteochondromas. Synovial sarcoma is a malignant soft-tissue sarcoma that occurs primarily in middle-aged adults (28) . It involves painful masses most commonly occurring in the lower extremity (about 70% of cases). However, fewer than half of the lesions occur at a joint (10) . Their size typically ranges from 3 to 5 cm. Radiographically, scattered amorphous calcification and ossification within the soft-tissue mass are signs of malignancy (3). Histologically, a malignant process is usually obvious. Chondrosarcoma is the most common malignant tumor arising from an osteochondroma. Large cartilaginous caps (Ͻ1 cm) may occur, and are at risk for malignant degeneration in 1% of osteochondromas. Continued growth of the tumor in the presence of pain, and a hyaline cartilage greater than 1.5 cm in thickness after skeletal maturity, are highly suspicious for malignant transformation (13) . Extraskeletal osteochondromas, however, were not reported to FIGURE 7 Macroscopically, the lesion was removed in two large pieces of bone measuring 3.3 ϫ 2.0 ϫ 1.3 cm and 3.1 ϫ 2.5 ϫ 2.0 cm, respectively.
FIGURE 8
Postoperative radiograph demonstrates absence of the large osseous mass.
FIGURE 9
Histopathology (magnification, ϫ4; hematoxylin-eosin stain) illustrates findings consistent with an extraskeletal osteochondroma. Marrow space (asterisks) and hyaline cartilage cap (arrows).
undergo malignant transformation. It is important to correlate the histologic findings, clinical scenario, and radiographic findings (1, 29) .
Conclusion
An uncommon case of a giant extraskeletal osteochondroma in the arch of the foot is presented, along with a review of the literature. When a physician encounters a well-defined osseous mass in the soft tissue without any direct continuity with the adjacent bone or joint, a diagnosis of extraskeletal osteochondroma should be strongly considered. Extraskeletal osteochondromas are benign, slowgrowing, and often painless lesions, and should be identified to avoid unnecessary aggressive surgical treatment. Extraskeletal osteochondromas of the foot should be treated conservatively, unless the lesions cause pain, limit range of motion, or demonstrate signs of malignancy.
